Abstract. Experimental investigations on removal of lead contamination from polluted water by adsorption technique using local fishes i.e.Tilapia and Merah (Oreochromos and Lutjanus) fish scales. The fish scales adsorbent equilibrated nearly approaching 100% of Pb uptake over the range of concentrations and pH studied. Unexpectedly, the performance of fish scales as an adsorbent is better as compared to commercially available activated carbon.
Introduction
Heavy metals such as lead (Pb) and arsenic (Ar) are major pollutants of waste water. Mainly the source of lead in waste water originated from storage batteries, cleaning processes in chrome and leaded brass industry. Lead is regarded as highly toxic as United State Environmental Protection Agency (EPA) has recommended lowering the acceptable limit from 50 to 15 ppb [1] . Lead pollution may also cause adverse effects such as anemia, mental deficiency and behavioral problems especially in children [2] . Techniques such as adsorption, ion exchange and membrane separations can be used for the removal of lead from waste water steams [3] . Commercially available activated carbons (AC) are commonly used adsorbents due to their high adsorption capacity [4] . Bailey et al. [5] defined adsorbent as inexpensive if it requires little processing, abundant in nature, and/or a by-product or waste material from another industry. In this study, the potential of adsorbents derived from Tilapia and Merah fish scales in removing the lead (Pb) ions from aqueous solution is investigated.
Experimental
Adsorbent synthesis. Tilapia and Merah fish scales were initially washed by de-ionized water to remove impurities. Both of fish scales were then dried in an oven at 110 o C for 4 h. Subsequently, the dried fish scaled underwent grinding machine to produce a smaller particle size. Ground particles of fish scales was leached with 0.1 M HCl solution for 24 h and subsequently filtered. Subsequently,the particles were carbonized in a furnace at 600 o C for 4-6 h and sieved (by mechanical sieve, Fritsch model, AS200) to obtain uniform particle of sizes of 45 µm. Batch tests were conducted by mixing 2.0 g of fish scales with 300 ml of lead nitrate Pb(NO 3 ) 2 solution with concentration varied between 20-100 mg L -1 . The mixture was stirred continuously and 5 ml sample of solution was taken from the bottle at every 5 min for 2 h. The samples were then filtered and analysed using Atomic Absorption Spectrometer (AAS). All the experiments conducted at room temperature (24±2 o C). Sample characterisation. Physical properties of the fish scales are determined and tabulated in Table 1 . The elemental analysis of Tilapia and Merah fish scales was performed by CHNS (Carbon, Hydrogen, Nitrogen and Sulphur) analyzer. The samples were analyzed in triplicate and the average values of C, H, N and S (in wt. %) of treated (activated) fish scales are shown in Table 2 . Scanning Electron Microscopy (SEM) was used to observe the morphology of the fish scales as depicted in Figs. 1 and 2 . It is clearly seen that the fish scales after treatment give higher surface area. The results indicate that activation of fish scales insignificantly has effect on lead uptake as compared to raw fish scale. The rapid initial metal sorption rate was due to the surface binding by natural particles through physical adsorption.
The four adsorbents had demonstrated almost 100% lead uptake with slight decrease with high pollutant concentration as shown in Fig. 5 . In contrast, percentage lead uptake decreased with increase in pollutant loading for commercially available adsorbent.
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Effect of Ph. Effect of initial pH on percentage lead uptake as a function of pH is shown in Fig. 6 . Adsorption at pH 1 is poor for all the adsorbents. The adsorption rate was low due to the carbon surface of the adsorbents experienced excessive protonation, which decreased the adsorption of Pb(II) ions and consistent with the observations reported by Petrov et al. [6] . As the pH of the solution increased to 5, the rapid increment of percentage of Pb(II) uptake for all five adsorbents can be clearly seen from Fig. 6 Percentage of Pb(II) uptake decreased for pH greater than 7 as the preponderance of OH-ions generated a competition between the charges on the adsorbent surface and the OH-ions in the Pb(NO 3 ) 2 solution in binding with cations of Pb(II) ions. At pH 9, the percentage of Pb(II) uptake decreased drastically due to the precipitation to the Pb(II) ions and as long as solubility metal hydroxides is constant, metal solubility decreases as pH increases. Pb(OH) 2 precipitation becomes almost complete at a pH approaches 14 due to the Pb(II) solution contained excessive OH-ions which contributed to the alkalinity of the solution, thus these OH-ions bounded more with Pb(II) ions instead of the adsorbent's surface. Due to this fact, Pb(II) ions were less adsorbed by the adsorbent surface. Thus, it can be concluded that the optimum pH for Pb(II) uptake for all adsorbents was around pH 5-6. The untreated fish scales yielded almost the same as treated ones in terms of adsorption capacity, indicating that there was no requirement for the pre-activation of fish scales.
Conclusion
Fish scales are good adsorbents for the complete removal of Pb from wastewater. The adsorption rate was rapid. Removal of Pb ions was at the highest around pH 5-6. Based on the results obtained, adsorbents prepared from both marine and freshwater fishes portrayed similar adsorption capacity. Both treated and untreated fish scales performed excellently, with almost 100% Pb(II) uptake at all concentration levels. The fish scales based adsorbents always yielded higher percentage of Pb(II) uptakes compared to the commercialized AC. Further investigations are needed on a pore structure of fish scales and type of active functional groups in order to obtain better insight into adsorption mechanisms of fish scales.
